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ABSTRACT
\ | Confidential,
s

\Thv radar cqupment developed under Projeet
Music is an clectronie storage, crosscorrelation
radar device used for determining the character-
istics of phasc-coherest signal enhancement in the
presence of norse and backscatter. It s also uscd
for long-range studie# of the tonusphere and the char-
acter of large-area retarns, or backscatter. Sweep
circuitry was developed for use in the storage system
to provide a sufficient number of 1solated storage
elements to define completely the phase and fre-
quency information contained in the i-f signal to be
stored. Mcans of monituring sweep registry, storage
phase, and [requency hdelity were developed and
incorporated, and a means of controlling storage-tube
discharge factor was desighed to allow single-copy
operation.

PROBLEM STATLUS
This tsun interim report on one phass of te
problem: work is continving on this and other phases,
AUTHORIZATION
NRL Problem RO2-17

Proect NR 412-000, Tusk NR 412.006
MIPR 30-635-8-160-6136

Mantiae: pt subintted Aagust 31, Tyo%,
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CIRCUITS FOR THE OPERATION OF THE
PROJECT MUSIC STORAGE SYSTEM
{ Unclassified Title)

INTRODUCTION

The electronic storage, crosscorrelation radar equipmeoent developed under the reguire-
ments of Project Music was designed to be osed as a rescarch instrument. To this end,
the Music radar system was designed to be flexible in {ts gperation. The storage system
for Project Music, which includes the storage-unit, target-switching, and readout ¢ir-
cuitry, has been previcusly described. * The present report will delve into appended units
of the storage system, such as the sweep generators supplying the waveforms used ta
drive the Radechon storage-tube deflection plates, the Radechon and dual-monitor-scope
unblanking and marker generator, a storage-tube discharge-factor control unit tu permit
single-copy operation, and a dual monitor incarparating a signal-monitor gscilloscope
and a2 sweep-alignment- monitor oscilloscope.

The input signal to the storage unit, taken from the i-f of a transmitier-monitor
receiver, provides the copy of the transmitted rf burst which is stored at the Radechon
storage unit (this stored signal is read out at a later time to cuincide with a recejved
echo). Phase and frequency informatioa must be faithfully reproduced; thus a high order
of sweep stability and linearity and a high order of circuit stability in all other circuitry
associated with the Radechon are required.

OPERATION OF THE STORAGE SYSTEM

In order to make adeguate use of the gtorage system, i number of assuciated units
were designed and developed. These units and their interrelationships may be seenin
the block diagram shown in Fig. 1. Of primary importance was the choice of a sweep to
be used at the storage tube. A sufficient number of Isolated elements had to be provided
ta define fully the phase and fregnoacy information contained in a 400-ke¢ r{ of 250- psec
duration. The Radechon storage tube available provided more than 100 isolated clements
per sweep, Thus, a five-line sweep of 50 psee per line provided sufficient storage ele-
ments for the retention of the phase and {requercy information contained in the 250- usee,
400-kec rf burst. The requirement of complete jsolation betwesn storage elements pre-
cluded the possibility of erosstalk between elepents, which would have degraded the
signal 1nformation,

The five-line sweep could have been generated in two pussible ways. The first type
of five-line raster considered utilized interline flyback, and the sccond type used line-end
turnaround. 1t was esscntial to preserve readout-signal amplitude during the transition
period between lines, and this was possible only when the beanm-scanmirsy veloeity was
kept nearly eonstant during the eatire 250- psec sweep, which included the interline
trangition period. The second type of five-line raster sweep Iulfilled the reguirements
and was adopted.

T L. Umacke and G, K. Jersen, “The Storage Systen for Project Music,” NRL Report
5318 (Corfidential Report, Unclaswified Title), August 3, 1959,
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ostilator and applicd as nitensity moduintion,  Reference-fregueney intensily markers
are also used o very the perfection with which phasc and {riguency information is
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rct.nmd at the oV tpat SLOTARY - in 'uk\mun the 8 spnal prrsvn\m jun 1% USY @ gttt raminy
prope¥ y oo nlering amphy studt', and focus of the signal on the Radecho? target W signal-
momtor ()scm\\nbcop e 15 gau-d on by 20 un\)\'.m\un;: pulse app\wd fu the crt ¢ athode during

the yeadip otervd 400-K¢ intensity markers are 280 msvr\cd for the hast and fre-

Qe ney W ('ax‘uwnwnls m(-mmnvd abuve) An un\ﬂ.\nku.‘., and marker ¥ aerator was dv signy -d

to Jcc&,mphsh this purpuso.

The Radechon js uscd as ¥ TR U ScOpy geviee W i puntt sy oty sh b SOTY ¥
compiett crasurt prcurs during the v.\'\mchm\ of gl infu xrnﬂ\\nn peading 1t wdl
\‘.k-(‘vssa\'y. then, O desigh @ unit 0 allow flexivie and mdep apdent u)m ol over the writy
and read cm\d’\hons of bram current in ordey Lo peres ut writing & al ® yelativ velv oW heam
corrent amd reading ata :-;unwwh'.\\ highv'? Beam curty at, This curdu jon ¥ sults 0B arly
compiete erasurd after 3 smgEle pead sCAR

Tnm‘.g\t--S\V\-op va'rmur

Goncr:mon \n;\ng\ p-sweep waveform rvquxrcd the ust of the 10-ke sQuare”
wave trait {rom t © Musgic S h- m timer This squart wave 1 ol -.xpprnx'm\uu-\y 30 volts
eak'to-pcnk ;xmp\ tude uvd ab shown 10 Fig. 2 \s clampvd and d€ resto ed to swing
petweeh 2070 yvolt and 3 m\mnl ely _10 volt bia he waveform posuiting from tn®
proccss'mg js @ sQU e Waves mprov md n-&c an fa\\ tyme from the ur'\g’mn\ wmput sipnad.

8 .
Radechon storagt unit and the swwp-mum\ur OSCi\luSCUpr. wput 10-kC squart wayes
and the 0¥ Aput \riungu\ar waves are i\\us\ratcd in Fige

Stup-S\'.'e(-p Gcnuramr

The S p-S5W weep B .rator, W which ;:vm-ratcs the way eform 3sY - for \'\-rnca\ defluctiot
at the F.ad(.‘LhU'\ storavt b and at the sWevPs momtor uscmuscupv. §5 shown che m.mc;d\y
n Fig. 4 Input Lpulst wa\'dnrms aud e pesulting slvp—wu\‘r(urm autput are showht in

Fig. > The TISC and fall ol th Tand R palses (\rul\.tam\\ Lad reeedde coincidy with tht

rise and fald of the sQW are waves and ary aunetiantt mn p«-rh-ﬂ »y::vhrnnudl\nn by the

radar ¥ stem umer.

A L0-RC S quart wave fov RIEI rwde B prid- _erystal pate for m\prnv".ng the sguatt owave
pise time and (ur 1imiting npat e p\itudx T arialions: The p\nsl vy rted output of s
triode drives the first prid of a dv abte-1ret de keye? qs well a® s a ceond trivde B Lerysia
gte {or pige-tim iv“prl_\\'c'nwl\l and 3 mphtt rade Jimting The n.np.n of this v jode drives

the scC cond grid of the d(nub\oo\r'w(\v yoves.
Both the single- \“\'\‘\‘tld and doun\v-\n vorted 5a8 yare-wav? qrans ary sharply i~

iervmm\gd at the keyer B2 cids. BY using Both iver’ s1ons of the 8 square Waves, thy sec~
ceeding onc»sho' u\n\'x\ua\ur 16 keye d for cach natf eyelr of the 0-ke square WiV U,
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Fig. 3  Step-sweep gencralor,
waveform photograph
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One-shict pulse width is set quite narrow to allow as little slope between steps as possible,
in this case about 5 psee, The pentude shawn {o!lowing the one-shot maltivibrator
aperates at cutoff, exeept when Keved by a pulse, and capacitors C1 and €2 are discharged
to a hias-loe level set by R3 at the plate of the disdecconpected doublde trivde, The thyra-
tron is adjusted by means of R2 1o a prid-lnas condition set just bolow eatoff, The - (TsR)
pulses are amphifiod and the outpat of the amphifier 8 differennaicd, A positive palse
corresponding (o the lewding cdpes of the T and R p\ﬂs‘ s 18 thew applicd to the thyratyon
rrul cansouer the thyeratron e fir Lia O wiad €2 wie then cnarpgeaiimough &
-xhot

100-chm vesistor te approximately Be level ina few microscvonds, The wext on
pulse causes C1and C2 to dischitrge to the Teved of the next step, which 1s determned by
the i duration of the one-shot pulse and the time constants of the dischareing cire.at
This step dischargimg process continue > until the base line set by the diode clamp is
reached. The total wpplitade [rom first step to final styopoas deternumed by the range from
abuut Be to the diode-clamp level, and the wimber of steps within this range 15 deternuined
by the one-shet pulse width, The steps are uniform, b cause the same ineroentental charg
15 removed from C1and C2 at cach stop. A cathed foliower is used to couple the step
waveform from the voltuge divider formed by Cl gud C2 to the low - ymprdance wutput load.

Since the anphitude linnte of the step waveform have beon carefully costralled, vack
sarrcase wavdform s rdenticad to the previsus one, tegardless of the delay between the
T and ® pulses. As @ conxogines, KU SWerp=regdstiy problems hotwoen wrte-n anid
readout sweeps exast at the fadechon storage tabe,

I wore wformation as to b stored, coguirisg more clomnents on the storgge-tuhe
taprget, the desipn of the step-sweep poerator wall allow aomech Lirger number of hnes
1o e wscd i the sweep patte ro dsssming fongey datataa: of the T and R pulses,

Sweep- Momtor Osedleacop

Tie sweepomonator osclllmcope (Fuy o 6) 1s a comph te amt by atsell, but 1t as phvs-
wallhv ancorporated wto g daal smt with the sipsal- montor oscilloscon, which will in
dincansod sebseguentlve Pash pull dofle cios-plate drivers are o tarn dewwen by th
riacular- swiop wavetform for the hoanzoptal swoep el by the sbp sweep, as supphed
1o hoth tie Radechon and tiie swer p-momtor oscilloscope, for vertical defhoetson, Pulses
ar Lamied i paies, as previoosty discussed, sie tor the T porhion of .!u T R pulse
sraap ol ope for the ®oaartien, The R pelbse 1o contimous]y varublie s Genean o
retabion=hip o e T palse, and thus, 1o ansure tvac scan retracing at lh- }l.\\h-rhnn, the
rosalting two Dive-Time scans shown on tiee oscillo: cope, one for T and one {ur Ko may be
Viscally v rlapped asang the system-timer range-vaiving control, SWhen visaal ovevlap
s> attan d, the isidy of sagnad outpat from voadoat 18 an assurance at accarate ~can
retracing is taking place at tie Radechon tavgel. Inpst waveforios, synehromeed in thne,
dapc shown an P 7, an expaneded view in Fugo 8, wsd the resslting pr sentation of te
v e-Dme ~waep in swocp abipnmest with overlaved weite and read swesps an Fag, 4

Sawtoath Ge perator

A suwtooth genvrator (Fig 10} 1s Gacd as the honzontal-sweep-waveform gererator
for the signal-monitor oscitloscope, I may be seen that the sawtosth wave is gencrated
twice during the -{T+R) pulse mterval, onee for T aad oree for R The length of the wave
wn both cases 18 250 psee. Photegraphs of the input and vutput waveforms are shown in
Fig. 11

CONFIDENTIAL
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The sawtoc Y geacrator consisis of a switching pentode which draws its plate carront
threagh a diode, o trjcde cathode Tollower te supply feedback voltage, and an outgut cathode
fllower. The T palse of the -{T+R) greup cuts off the peatade swilch, which also opens
the diode echarging path, Capacitor C1 {Fig. 10), having proeviously been fully eharged,
row Joses charge through R, thus charging C2 io turs. Durnang thue recovery pesod, or
durmg the tone fullowing the refuen of the T pulse, the pentude conducis,  Tie dunic s
also conducting, and atic viad of C s kel at the supply level while C1 charges through
the cattuaic 1esistor of the feeback cathode (olfower; the charging capacitor CZ diseiargr»
rapidly toone plate poteshial of the pentode, The resolting sawtooth wave 15 used as the
mpul sienal to the feodback cathiode follower, whouse output 1s fed to the diode rnd of
restster RE The voltuge weross R1 remains constant during the charging evele; thus the
sawtcoth wave 14 extremely {incar, This process is eopeated for the R portion of the
-{T-R) pulse groap, The sceond cathode foilower s provided to dove o low-impedance
toad,

Untasking sed Marker Generator

A schenuttic diagram of the unblanking and nmidarker genperator to e ased with the
sigral-moitor oseillescope is shown in Fig 12, In fhis astarce, a 400-ke reference
sipgnal is aphlied e a tuned amphfier stage, which also effectivel]y removes any extra-
neoss moesdulation from the sigmal, and then i~ fed o the grid of ap adder stage, A crvstal
clamp ix emiploved here 1o prevent couphng-condenser bick bias; a deal-diode camp 1s
applicd o the signal a tee conpling beiween stages. These climping diodes are driven
Ey tie pius and nunas R pulses and are biased in sach 2 way that the clamp pernnts sigral
flow to the adder during the doration of the R pulse. The <R puilse 15 fed to the second
arlder prid, wie roe it as ervabd clamped aond gatetd to smprove s rise and fall ime and to
mamtisin constant amplidtade. The 400-ke gated signal is added to the R pulse, amplificd,
and phase mverted an the output amplifier. The amphfier also serves as a low- tpedanes
dvtveer, the cotput of which 1s positive e polarity. This gutput serves as the combination
it Rer Womd snblaniing pulse for the saaal- monitur oscilloscope. The pedestal gates on
the boam, and th additzonad amplitede of the 400-ke sinc-wave cveles furmsh evele -he-
eyele et nsity markeras ot the main 400- ke storage-readout signal displayed on the
sigmad-wsntor wsellascope, Waveform photographs for this amt are shown s Fies. 12

and 14,

Stored-Signal- Momtor Osello=cups-

Tin storsdesignal monitor s @ complete v, as 15 the sweep monitor, but it s
incorporated oo duad upit with the sweep-ponitor oscilloscope,  Push-pull horzontal
Jefl ctien- plite dravers are dreives by the sawtooth waveform rom the sawlooth generator.
This sweepas 200 gsoe ang aned of suflictect lenpth o desplay the entire 400-ke signal as
citatued (rom the Stormwn roadomt, Pushe- pull vertweal defleetion-plate drivers are dreiver
v the 400-ke sapaat from the storgge-veadomt amplifier. Although both the Tand R
pornons of tic sawtouth horzontad sweep are fed to the push-pull drivers, the osedlaseope
displays onldy the readout signal, since the scope is wpblanked only during the R pulse
iterval, The R ueblanking pulse, as supplicd from the unblanking and marker generalor
previously discysecd, tus the 400-ke roference sine-wave markers superimposed on it
to intensify portions of the 400-ke readout signal. A complete sehenttic diagram of the
stored-signal monitor is shown in Fig, 13, and the horizontal, unblanking, and vertical
waveforms and the resulting preseetativn are shown m Figs. 16 and 17, respectively.

CONFIDENTIAL
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Discharge~ Factor Control Unit

Radar operation of the Radechon storage tube required only a single copy of the stored
mformation, with the conscquent reguirement of near-complete v rasure during vne reading
sweep. It was evident that it would be desirable to read at high beam corrents and to write
at a somewhat lower {evel to make the single copy or the complite crasure practicgl,

This made necessury the development of a variabie-discharge-factor unit,

A seiematic iagram for this unit may be found in Fig. 18, Here may e scen the tse
of the -{T+R} pulse group and its clamping by dual disdes. The pulse driver has inoils
grid circult a crystal gate for «T pulse squaring and in its cathodsr cireult the contra)
which adyusts the amount of T pulse clamping. This ouiput driver §s a phase-inverter
Jow-impedance drsver which furnishes the pulse traia in both polarities, The term
“+G{T+R},” G fur gated, has been selected te differentiate this cutpyl {rom the H{T+RY
pulses available in the system. Dy varying the amplitude of the »T pulse at the clamping
diode, the T portion of the *G{T+R) pulse group is made variable in amplitude. This, then.
is the control of writing level at the storage fube.  Input pulses to the unit and [ipal-output
waveforms are shown in Fig. 19, It may also be noted that it is fully practical to substitete
a +R pulse for the clamping pulse and thereby make variable the reading-beam current,
This would aliow multiple copres to be read {rom the storage svrfave.

It may be interesting to reiterate the pulse sequence as uscd at the storage unit, * nuw

that a furthur insight has been established into the units generating some of the pulses escd.

Figurc 20 shows an expanded view of the signals and pulses.

CONCLUDING REMARKS

The importance of sweep retraceability cannot be overemphwsized, For proper opera-
tivn of the storage system, the reuding sweep had tu retrace exactly the writing sweep;
otherwise errors in phase apd frequency of the readout would ovcur, as well as luss of
amplitude, This required very closv holding of hnearity in the triangular sweep, from
swoep to sweep, and good uniformity in the step length snd spucing as well as vory close
bolding of the position of the sweeps.  The type of five-hne sweep selected {or use m the
storage syslem was chusen to provide additional starage elements along the dropdown
mtween steps, This type sweep fias provided excrllent results o supplving @ clean phase-
shift-free signal after storage. The presentation of this swoeep un ity monitor uscilluseop
has proved valuable for sweep alignment between write and read and for detecting veva-
sivnal maifunciions in the units,

Output fram the storage system is also monitored un an uscilloscope, Vo make full
use of this unit, 2 linear suwtouth waveform for the horizontal swesep wus regquired
Linearity requirements here were also moderalely stringent in order not to distort the
readout- signal display. The oscilluscope was to be used in cheeking storage-tuly vverloud,
focus, sweep positioning on the target, setting of the discharge fsetor, and for measure-
ment of the phase shift across the vf burst and the transwitter {requency by intensity-
marker comparison.

The intensity-marker comparison was made between a standard 400-ke reference
signal {rom the systen wavier crystal and the 400-ke signal from the transmiltes-monitor
receiver. Intensity markers were designed into a common unit with an usblanking pulse
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29 June 1998 memoranaum

M or Code 5300
suacct: REQUEST TO DECLASSIFY NRL REPORTS

ro. Code 1221.1 (C. Rogers)

1. It is requested that the NRL Reports listed below be declassified. The
information contained in these reports has become public knowledge in the roany
years since first classified.

Declassified, public release.
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